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ABSTRACT : PROBLEM TO BE SOLVED: To produce a high tensile strength stee! plate for working 
having high toughness and <200 GPa Young's modulus, furthermore having >380 MPa 
yield stress after press forming and >30 MPa BH quantity and to provide a method for 
producing it. 

SOLUTION: A steel stock contg. 0.03 to 0.20% C. 0.005 to 1 .5% Si, 0.05 to 3.5% Mn, 
0.005 to 0.1 5% P, 0,005 to 0.2% Al and <0.020% N, furthermore contg. one or ^ two 
kinds selected from Nb, Tf and V, one or > two kinds selected from Cu, Ni, Cr and Mo and 
B according to necessary is subjected to hot rolling in such a manner that the draft In a 
temp, range of the Ar^ transformation point to {the Ats transformation point -lOO'^C) is 
regulated to >50%, the draft in the final pass is regulated to <1 5%, the finish rolling temp, 
is regulated to (the Ars transformation point -lOO'^C) or above, and the coHtng temp. Is 
regulated to <600''C to form its structure into the one contg. ferrite as the base phase 
and contg. >5% martensite as the secondary phase. 
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( 1 ) 5^-C?E«$tti.E7!?J2O0GPaOTT-#;D. rVX^ 

M*cor#f^jiE:t;*i'380MPai;i±, mmm\mit&. (bh 

C : 0.03-0.20%. 
Mn : 0.05—3.5 %. 
S : 0.02%JilT. 
N : 0.020 %WT*-&^. ^gf{Fe*iJ;t.<^}gB<J^^ti 

Jlar^L . *^oTia ( 1 ) ^i:-.€»Six€. E*i"200GPaJil 

Tf ^) 0 . T)^^mmk(n^m-m-)}i)^-ii,mpa.vjjL. mm 
le 

E =-- ( Eo +2 E,5 +Eso ) ,/4 ( 1 ) 

C : 0.03—0.20%, 
Mn : 0.05—3-5 %, 
S : 0.02%tlT> 
N : 0.020 %J;iT^#^t--&ffl)j£^ffl*«t. Arg"^.^ 
(Ar3^,^-100 °C) <0?flS®iat~i5ftl.BET^ 

ffEffiiS^Ji^ ( Ar3^iK.i-100 'O VX±.t ^BiiS 
C : 0.03—0.20%. 
Mn : 0.05—3.5 

( Argmijif-ioo i.::J,_htL., mm 

[00 0 1] 

w^ix^mmzm^^xm-m^£mmmmim (Bwm 
^^^i>-^mjiimii^x/^<^m&-)}m\,zmti>, 

[0002] 



IE 

E= (Eg +2E,5 + E3o) /4 ( 1 ) 

fztSL. Eo , E,6, E3oti^n^ilJ±S:^r&], ffSE;^ 
[*]t:45^ . WM:l5mz%'- <^J]\^CO^yy^ (GPa ) , 
[IM3B2] ai:%-C\ 

Si : 0.005 —1.5 %, 

P : 0.005 —0.15%, 

Al : 0.005 —0.2 %. 

Ti . V<7) -3 •*535*^>®{m/; 1 as fzii 2 SyjiS:-^ 
l+T-O.OOS —0.20%. tmtCu. Ni, Cr, MoOd*>*^^> 
ia{fii^;iai?^c«2fflyji*MfC-0.005 -1.0 %. 

i^xtir^tfx-o.m —o.minxx/cu^ cr, mo<7)3 

%A^^>iaisix/t lffli/i{12Miil±S:-&f1-T'0.005 -1. 

B : 0.0005-0-005 %^t-^^&^t^mWLt-r^m^ 

mm 5} mm,%x\ 

Si : 0.005 —1.5 %, 

P : 0-005 -0.15%, 
Al : 0.005 —0.2 %, 

miRmei ffli%T-, 

Si : 0.005 -1.5 %, 
P : 0.005 —0.15%, 
Al : 0.005 —0.2 %, 

mtimmit^ti^mmi>zhi>. mmcomm^t^rsmtt 

T, Sja-Cii, 340MPay.±t7)5l§i?S§^^fi-r.&ft5i.:^J« 
feu. :7°l'XiiUXf|:iCjl^l0O —200 'CtOitiaffiif ar^ 

tr^Mwms^sfi-r i: , mmtiii''±m~thmmx'h 
zco^-j^mmmnwimmmx'it. m^isoMPa 1:1 
±<^mmmHmim (bh*) tf^smt^tix^^h. 
[0 00 3] fc^^^r. ^ioxdi,zmmt^^^mit^ti 
w.m'ti>mmmm(t^tLht. -mmz. mi^mm 
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[ 0 0 0 4 ] t;^>, ■mm-ti'>mmmmmit^irmmit 

J 0 0 0 5 ] Lib-L^j:i)^t^. mmc^.i^>'^^mi:@iT^'^ 

^1 1 L r <b ixx V »^ , mmmzMikt ^zt 
t'^jMmi,zmm.x'h d . tfz^mixi&^y^m^'i^^ 

[00 0 6] ^fz. mn-i. nmss56-i396i9 -^-^igtc 
m^t^itx^-^^^diz^ mmMaXUKioo >:um<^~^ 
y^mi}^iSi^^zt:ffi^f>ixxt'3D. tfz. mms&e2-2M 
oi6-^-&igtc{i, ND//<ioo > immmmwcijmizi^^ 

ms^Mrx■ii:±ifsm^'^J'yxt . f£^>'^>'"^mcoia 

[00 07] ±fz. Si4\i:'<^-^-A7cS*^jBL.TND//< 
100 >%-^Wm.^W^^^h^m\:>^Li-':>ixh±'^. Si^- 

jnxffljs^t \^x-Y9s-t£wm'^.-km%%^hz.hismm 

»lt ( MttT'30?6 JiJ,± ) mkmt i: Sr ji^ tr $ il- , L 
hZhi}'^X-^^j:f-'^fz. 

[0008] ±^i^7^-x7"'^^ vmtth . tz 

[0009] 

mnzmm l , mmmmm^m^ix^mmiz-^m^^. 



:^fmmwLMmimiLX i x'<r)mmTMX'^ifhm^ 

^:W^'^mx•m^ULmfmmi^^±x'^ . miLxm^ox 

it . ^y^^mEtmiSLX2fm>eimTs: imt -r-^ . 

[0 0 10] 

[mmim&it^fzi^co^m :*%mmi^i±-. ±.mLtz 
mm^miR-i-^fzib. mmm^, mm^n->fz. ^t<^v^ 

--f hf^i,zmWMX-5%l:X}Lir)-:?ily-y^.'i 
Zt^^M.Lfz, 

[0011] tr\ ^^m%h(^f7'ytzmmimimw: 

irmm-t^. 0.05wt.%C-0.01wt%Si-1.2wt %Mn-0. 
05wt%'Al-0.002wt %N-0.5wt %Cr-0.0003wt%Bffl 

m(^mmm^. mmmxnooxi,zMB.L. ffljEKL, $ 
i^iz^±±ifsmtLx . sn^x'-^mrmo. 50. 60% 

COIBE^ L < {.± 5 /N'XT-:^ffT^50%<^J±®^650 -95 
0 T:o#^SSTfiV\ -oi, i-C-ft±tfE5i(KTa. 30'C/s 

o<7)*,. 3(i'c/si:j.±<r,i^mmm.X'<%Mi . m5o °ct-3 

■vfz. tfz. #-'N°xcol±T^(i. ^JET*40%c^*|>-&ti 
20-15-10%, :^JET*50%i7>*S^I430-20-10%„ -.^JBET 
^60%O*S'&«±30-^-15%. ^EET'$50?6 ( 5^^.X) (30 
*|-i-iil5-15-15-10-10%, fctT^c. Ci^^aatCj; 0. Z 
ix (^BMMliy x 5 b ffl & ftffi L , ffi»^T' 5 ?m 
±i'.)?yiT^>'-»f-f hfflSr*-rS^.fi>, BHMBOMPa lit 

[0 0 1 23 #^>ixfcSfe5EKtzov*T. mmm<^i^mm 

E= (Eo i-2E45 + E9o ) /4 (1) 

r&]{-C45^ . jEM^rf^t:90* ^7)^rt^^^0-^^^^^^ (GPa ) . 

x-i^m^ix^^^<o-^ryi^'mimv'.x\-^i,. ^com^^ 
miiz^-t. 

t 0 0 1 3 ] 0 1 . Ar3»*mT*f ^ L< iiAra 

^R*- (Ar3^.^^,-100 cr)iS,mmWX'50%lU± 

iojET^xmm&m't ^ztizj^yj, ^ > e 
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10 0 14] i-^^h'h^ ^mm±. hmt-mm 

*>o»; ( 1 ) ^ 

E = (Eo 4-2E45+E90) ,-'4 ( 1 ) 

^ifiicc45* . SM1j\o\i290'' (^y^^cn'^yfm (GPa 

YR- (YSo H-2YS4 5+YS9 

{tzfzL. YSo , YS,5, YSgoti^^i-F^iffM^f^, JE@ 
:6"[6]t=45' . JEM^ri^tgO" <nljm^^W:&-)i (MPa > 

45" . mmumz^fy' (r>■J^^cr)^mi^^ (MPa ) fj) 

[0 0 1 5] 43t. *^Bjxii, «1%T\ C :0.03- 
0.20%. Si : 0.005 —1.5 %. I*i : 0.05—3.5 P : 

0.005 -0.15%. S : 0.02%tlT. Al ; 0.005 —0.2 
N : 0,020 %l;J,T&^^, ^i5Fetd±t^'^)S6^^ 

2 i: L T vyWT^ ^-Hf h ffl ^WW^T 5 ^UUh-^W-^ 
^ffi®t$-^L . A^OfJie ( 1 ) i^T^^§iX-2.Ej&i200G 

MM'^ft^iftl: < B HM) *^30MPa liLtt' * ^1 i; Sr4f 

BflTii. ^^.tHuia ( 2 ) 5^:T->^a$n-SYR*>o.7 OT 

Nb. Tk V<?3 3^:6'J?5ffl«il/Slfflifc 
{i2«iyJi^-^tfT0.005 —0.20%, SitiiCu, Ni, C 

r. Mo<7)5-^^j^.- istmTt l3ffii/::^5 2aI.:^Jl^■^l■f-T• 
o.oo5 —1.0 %, ifeStiJiNb, Ti, \'(r)':)-hij--hmi,fi\ 

fz imt, tzii 2 aiyjiSr^fi-ro. 005 -0. m%n x m 

*:-&n-ro.oo5 —1.0 Sr#^rtr t> ctiv.. tJ^^, # 

MHJTii, Mafflf!!ctJni.T, S^^tB : 0.0005— 0.00 

[00 16) ^fiJ. idt-. ^>'i/:^E, Eo , 
EgofiSiST-tfDfEt'?-^. MSta. 0-Xr.*-S!* 
L. ^>y^crM^M^m.hLX\±. lO'^l'^-'CmTMX-h 
t-ti, ^Wmi. mM3iyX\ C : 0.03—0.20%, s 
i : 0.005 —1.5 Mn : 0-05—3.5 P : 0.005 — 
0.15%. S : 0.02%aT, A! : 0.005 —0.2 %. N : 

020 %iHT$:^^'tum<7}mmmz. ato^^ma- 

■^.X£?)JIT^*B0%/y ^•^^.:>lT . ffiffi^ -^Xitjii 5 ja 

{i, B«faffi^tJlli.T, $iot'a»%T'. Nb, Ti. Vco 
d -fe*^ ^mXtifz imtfzii:2 a£Lh^ ^tf TO. 005 - 



) ) XT^m^tih^y^'mEmooGPavj.Txh^) . t 
(BHS) ;&i30MPa \:j.}iX'hhzh^m^h^tmmm 

) / (TSo +2TS,5 +TS9„) - (2) 

0. 20%t/::i±Cu. Ni. Cr, Moct)^ *j*->iiia«*il>t 1 fflt 
;^C«i2«lJi±*:-&lt'C-0.005 -1.0 %. .t>i>V^{i:Nb. T 

1 . V c7) a ^^1^ jSis'tiTt: 1 as /cii 2 au± ^ ^li-r 

0.005 -0.20%iBa:UfCu. Ni. Cr, Vi:i(n>^%tP'hm,ti\ 

fz\mt.fz\i2m:ji±.^m\xQ.m -i.o ^-g--^- 

Sh,\,Z.-& : 0.0005—0.005 LT t iV*, 

[0017] t.tz. m.m.%x\ c : 0.03-0- 

20%, Si : 0.005 —1.5 %, «n : 0.05—3.5 %. ^ 0. 
005 —0.15%, S : 0.02%OT, Al : 0.005 —0.2 %, 
N : 0.020 %X:XT^-^-M^'hmL<mmm^Z. Ars^^ 
(Ar3^SI^-100 °C) <?DiS,g$gHtfeft^ffiT^ 
*i50%i:Lfc, #i|^/\°.X<?)iEET**^15%0.TT\ *-oft± 
{fiBi?SJK*s (Ar3^.^.^-100 iil±.h L. ^a-S 

-th<DmjtL^^. tfz. ^?tmxu. mzmmzmi 

X. Nb, Ti. V(75o*jA^ii>S{ii-L>t 1 

m^tii±2mi}JL^'^tfX'i).0O5 — 0.20%i/:;{i;Cu. N 
Cr, }h<7)oibi}->(,miftlfzimttzii2maL±^'^ 
ftt-0.005 —1.0 %, i)-l>t/''{iNb, Ti. V<?:) ^ *>*^4>ffl 
{m/^ 1 m t tzl± 2 SWJi^^ltTO. 005 -0. 20%fc' J; 
(7Cu. Ni, Cr, Moi^d *,:i)-A>Jg{±'ii/; 1 SiT^^H 2a]-::l 
±^-^ltT'0.005 -1.0 ^-ir*LTti<, ifc- 
m)i2fflj3)c^cSD;cT, $^>ic:B : 0.0005— 0.005 %Sr#^ 
L-Tt J;v^, 

[0018] *:^0)itfci/^'r{i, ^rBii±5Sf*i?>^w-ft ■ 

[0019] 

[^Bjt7)^ifeioji?!i] :^^m<^mmu. mmmm. im 
mm. iixr/^ixk>mui:m.mt vrzmmmmmm^ 

m-^ixtzi^mtmmm, ^(>iz(^mfmmmmmmi:m 
^nfz^^mmmmmmm^^tti^. tiz. mmmmiz 
, mmm t> t < itmmii^mr^tz . mmsm ^mtfzi, 



<JP ^411343635A_l_> 



( 5 ) 



1 1-34 3 535 



[00 20] :^mmcomm!>i , «iJt:flDXl4tMflS-^ 

i>A\ m2ffi7:)' 30 mt <mmw^'it 

»\ mmzMLxwmrc^}^-! h. r%-^A 

[ 0 0 2 1 ] ^^BflcoP^Sii. 

YR= (YSo 4- 2YS45+YS9 
(.fzf^L. YSo . YS^s. YS9oU-r*i'mE5E:&l*1. EM 

T\ TSc , TS45. TS9oi±^ixmffiffi:^rra, i±S:fe-[fiit 

45' . JE®:S"fB]fc90' co:fj\i>]^3\M^^ <MPa ) T'lfo 

[0024] YRj&fO. 7 i^lTt-i-^ZtlzX^. WmWM 
t>.-^dmm^$:>^. YR^ffi<t-^.t=Ji, 

Jt*^ , ffiffl a M KM LYR*^igiE$Biiii*i ttc^^omm 

t :?)^^. . m'\imiff)^^-)l^-^:kt^ < -r^^fzib^z 

±kmihizti'Z2i^) . y'v-^mnmiLxtx-'crjmm 
jimx-m if ^ mmm(?mn iz x h m^mm t m±-t h ^ 

[ 0 0 2 5 ] 4^:. TU-X^jf^. -r^ib**. 10%iyji 

^ * u -1. HI ^ M L *> oi^f^je:^3 !?)-i380MPa*ii 
43. $^>tc, mmm^nmim ( b 

H) 2:*L . BHi:30MPa l.:JLh(7)^SBH^t*:&■r^, 

BHtt^f'+-?-t-.l>fca6fc{±. hi:3SIES^O^;^ 



E= (F:o +2E4f, + E9o ) /4 ( 1 ) 

ifzfzL. Eo . E45. Ego(i'C^i--mE:ffi*-[B]. EM 
:^I^t;45' , E5!E?j[nrt90' <7i-j^^<7-)^> 7'^ (GPa 

T', m.^tkt. o--30'c^Sf*L, ^yymo-)=!m&u 

h LX fi . K^-lSCmTMXh h . 

[0022] ^y9'm(^^i^^m-t { 1 ) ^xMm^it 

h EA^200GPa$g,t h t . miLX^rtXizMt Ulfz 

S C t A«l t =5^ 0 , mmz 

m&m^^^tL tj^ti. Ei±il;f^L<{i:lSOGPaOTT 

ft-g>. ^yymm&K^^'ht. mutiXiTiimm^m 
m&T L . tlx comm^mi/)^m*^ i . 
[0023] ttz. :^mn(ommit. }9:(2)^ 

) ,/ (TSo +2TS4E, +TS90) ■■■ ( 2 ) 

xmn-^'msjxh o , m^mimmmz^w^^-t 
SEm±izmi}Xhh. 

[0026] ort::, ±iaL/.:#14**-r sasfeoffljt 

m.mz':>\^xmm-t^. 

C : 0.03—0.20% 

c»>f)ro.03%*iiT-ti . sm.b~f-h yx.^-^ hb 

fz¥mc')Bmm&^mfiL^^-\,K, —u. cm.m.2Q%'^£ 

it-fh. ^(^fzib. cm.0i-O.2D%l,zm&Lfz. ^ 

{i0.05M),mT-fc-5=. 
[ 0 0 2 7 ) Si r 0.005 —1.5 % 

Si ii . i9«offittfST ^^'J^fKicp;t xmm. t-r i. 

JPtiS^6£>ii^„ Uj>L . 1.5 mm 

ittOii^£o^«i§j^x^t3^3itsm?f < mmi,zhfz 

^mmttc^. ^O/L'i^. SiiiO.005 —1.5 %(7)igHtc 
[ 0 0 28 ] Mil : 0.05—3.5 % 

mi. mmcD^mimM$^^^m^j:7t-mx-h^ . mm 
mmi^Mmita x u'&iM^mmmmmiz^m^h^ . 
:i<^xo^mmto.o5%]:ih<^miixMisbi^ni,tiK 3. 

^5 t::ffiEWfi<7)ii:^:Oj^c*6-7 X 7 h JiT'cOEMA^fflli 
t^l., .liO/cii^, Mn{i0.05-3.5 %t;:|lS;5ELfc, 

iftt6tl*^380MPaJ.il± t i; -Tl) . ^ it 7 x 

^'f hb-^fl^r-y-^-i hf>(:>^j:^ik^mb'thrziiblZ 
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l±. Mn{±0.5 %IA±. lift L<i± O.&Xi^JJimu-t^cO 
[0 0 2 9] P : O.m -0.15% 

(^imm^L<mT^^, zc^^t^i^^ Piio.oos -o.is 

10 0 30] S : 0.02%OT 

mx'%^. t<iz-My^mm>m-^&tL^m'^izit^ o.oo 

AI : 0.005 --0.2 % 

AUS. mMicMt LX^mV. O.OOS %tU:v'>3aot'ii 

i:i>fc:. ^^-liA'iST-r-l) , Amo.005 — 

-'0A5%(^Mmt-r?.'C:>mfttK\ Kefs. Ti, ca^to 

[00 3 1 ] N : 0.02?aUT 
V >*EHT«Sn L^gs^ft^^ ^ ; t ^ , $ ^ , 
mmmmt,zy\i--7t--~-Jli:^^^^^fzisb. Ntio.02% 

wrfizmi^t^. t<i,z. m^:bm^-^iz^mm<r>m^ 

izli, N {±0 . 0050%OT t-th c^:>vm t \, 
[ 0 0 3 2 ] Nb, Ti . vcoo io-i}-fi_,Ml£t>J-z 1 Mt fzi± 
2Siy.±&MtX-0.005 —0.20% 

mm^'izm.mmm txmuiow^mm^-^^ tti, 
iz^ mmmmii^~^'-Mm(t-t6^mt£7tmxh . 
'j^izm tmax- § ^ , <! ^Ttmco i m^fzn 2 Wix 

o.2o%^mtxmi\tth tmm^mmi, WiUm^zM.-^ 

oMtm^Xi^x\>\ ^(^fzi^. Nb. Ti. V{i-^itJ: 
-C-O-OOS -0.20%<7)^iC|S^L;t« 
[ 0 0 3 3 ] Cu, Ni . Cr. MocO ^ %ti->hM\ifltz 1 Ut 
tzit2mm±i^%\X0.O(B -1.0% 
Cu. Ni, Cr. Mo{i. IIl?mftT-«i^C7)5gg (I^KJE;}!]) 

^mM^-thimx'h'o . ism^mt. dtL^^TcsHcoa 

*>*^^) iaiJtli2ai?JLhj3sJn-CtS. Cu. Ni. Cr, Mo 



1.0 %S:*i/.^^i)D{i«l«*S«(:?®«itU, 

ZCOtziify. Cu. Ni. Cr, Mofi-eixmO.OO 

5 -1.0 %sO$BBI>^S£7)j!^^^tt L.V\ ttz. m-^LX 

StO'&fhi^l.O %ii}.Tlzm:'^-ttcoi)mt IVK 
[0034] B : 0.0005—0.005 % 

B*iO.00O5%*iST1i:. ±iiLrzmmm^X% 

-If. 0.005 %^mt^mMx-ii. mm^Wj'^mit-t 

Z<7)fzi!b. BiiO. 0005—0. 005 %cmmtt^^ti^ 
m . 0005—0 . 0030% X h h » 

[0035] M?^m:WT-WMmT^m^X'h^. ^ 

mm'^miih Lxit. mm. ±b lx?-.^ y -y o 
M?^-thsat,z-ouxito.o\%\srti^^^x-^ ±mi 
tzX'A'Z. 3,tLx^A7^>-*r-^ hizj:i>^mmw&^i\: 
xmuc^mm^intuis-^. mmmwm^c^M^t&^io 

yPa. aJift^fzl^iZii. C : 0.(H%iil±. m. : O.S % 
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